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Abstract 
Recent research developments have led to the emergence of various portable and affordable gaseous-compound detecting 
devices. These non-invasive technologies detect volatile organic compounds in human breath or air, providing important 
information about us and our environment. While many of these technologies have been seamlessly integrated into Western 
countries, they have yet to be leveraged in developing nations. These devices can be used to easily and affordably screen patients 
for diabetes, monitor air quality of cities, and facilitate agricultural intensification. This article describes five scenarios where 
breath and air analysis technologies can address problems faced by populations in resource-poor settings. 
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1. Introduction 
A single air sample contains an incredible amount of information about the processes occurring around us, or 
even within our own bodies. A carbon monoxide detector at home alerts families of possible air toxicity. An alcohol 
breathalyzer indicates when a person is too intoxicated to operate a vehicle. A quick sniff of a person's breath could 
indicate whether or not they have liver disease. Each of these processes relies on the detection of Volatile Organic 
Compounds (VOCs). VOCs are chemical substances that are gaseous compounds at normal atmospheric conditions 
and can easily enter the atmosphere [1]. They can either be produced naturally, as in human breath and animal 
waste, or they can occur as by-products of manufacturing and energy applications like refineries or industrial 
facilities [2]. Knowing what VOCs are present in a gaseous mixture, whether it is a person's breath or a household 
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air sample, is actionable information that can prevent dangerous events. For instance, high levels of acetone in 
human breath are indicative of uncontrolled diabetes [3], and high levels of carbon monoxide in a home would 
reflect unsafe living conditions. 
As the scientific understanding of VOCs continues to expand, so does the need for technologies to detect these 
compounds. Research into air sample analysis has grown exponentially over the past few years. While traditional 
methods for analyzing gaseous samples such as mass spectrometry rely heavily on expensive, bulky equipment, 
current technology is moving towards much smaller and less expensive methods [4]. The electronic nose (e-nose) is 
one such new technology, and is composed of a chemical-array sensor system that functions similarly to the 
mammalian olfactory system [5]. These e-noses have the ability to detect several VOCs at the same time, making 
them an ideal technology for any situation where there may be many different VOCs present in a sample [6]. 
The portability, low cost, and user-friendliness of modern VOC-sensing technologies are creating new 
possibilities for a variety of untapped applications across air-analyzing devices. For instance, e-nose technology is 
used by the military to detect odorless and colorless gases used in chemical warfare [7], and yet is also used to 
classify different types of wines in the food industry [8]. Within factory settings, e-noses are used to monitor 
pollution emissions in order to maintain safe working environments and to meet federal standards of environmental 
safety [9]. While there are still several limitations to these devices, such as poor specificity and complex calibration 
[7], e-noses have the potential to solve several pressing global issues.  
Current devices still have obstacles to overcome before they can be incorporated into low-resource settings, as 
discussed in a comprehensive review of breath analysis technologies conducted by our research team earlier  [10]. 
However, the use scenarios and implementation strategies to realize the devices’ potential impact need to be 
established in order to guide the technology's development. There are several aspects of global health where breath 
analysis technologies could make a dramatic difference in the lives and livelihoods of people in resource-poor 
settings. For instance, portable and accurate breath-analyzing devices that detect various diseases can enable 
Community Health Workers (CHWs) to screen and triage patients in rural communities. Other prospective 
applications include using similar technologies to create an incentivized system to reduce drug abuse amongst youth, 
to prevent dangerous side effects from consuming contaminated brews, to control the widespread harm from 
zoonotic diseases, and to protect families from indoor air pollution. 
This article describes five prospective applications with a focus on the business model(s) that can economically 
sustain these emerging technologies by empowering users and creating a lasting impact on the health and livelihoods 
of people in low-resource settings.  
 
2. Informing and Diagnosing: Leveraging Health Workers to Improve Health 
 
The doctor to patient ratio in most low-income countries is so low that multitudes are unable to access medical 
care. Additionally, people in rural areas often cannot afford to take the time off from work to travel into the city for 
a doctor's appointment, causing them to continue living with an undiagnosed or untreated illness. Community Health 
Workers (CHWs) are one proven solution to combat these growing health problems in developing countries. CHWs 
are members of a community who are trained in, and responsible for, health education and awareness within their 
local communities [11]. 
Equipping CHWs with simple screening and diagnostic devices can strengthen preventive medicine, as disease 
diagnosis can be conducted early-on in rural areas, reducing long-term negative side effects of disease. Breath 
analysis is one such possible diagnostic technology that could eliminate current invasive testing methods for many 
common diseases that people in developing countries are facing, such as diabetes, tuberculosis, and preeclampsia. 
In order to create a sustainable business model surrounding the CHW services, an external entity such as a non-
profit, an entrepreneur, or the Ministry of Health would have to be involved. This entity would charge CHWs a fee 
to be supplied with diagnostic equipment and training. The CHWs would then market the service of disease 
detection to people in their communities, charging a small fee for each test administered. Eventually, the CHWs 
would be able to repay the Ministry for the tools and training, making the program sustainable. Additionally, the 
CHWs could submit the data they collect to the Ministry so that the country benefits by gathering more information 
about the health of its populations. The system would not only provide the communities with better health 
awareness, but it would also create sustainable livelihoods for the CHWs and their families. Figure 1 illustrates such 
a business model.  
Before developing a technology for this context, it is important to know which medical issues are prevalent and 
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have the realistic potential to be identified using breath analysis. This section will describe three such illnesses - 
diabetes, tuberculosis, and preeclampsia - and describe how CHWs can implement breathalyzer technologies to 
diagnose these conditions early on. 
 
 
Figure 1. Community Health Workers providing pre-primary healthcare to local communities 
 
2.1 Diabetes 
As people in developing countries are starting to adopt a more Westernized style of living, so are they adopting 
Westernized habits, such as consumption of unhealthy fast foods and a more sedentary lifestyle [12]. This 
combination of unhealthy eating and decreased physical activity is causing the numbers of people with diabetes to 
skyrocket. For instance, the International Diabetes Foundation predicts that India's population of people with 
diabetes will reach over 100 million by 2030 [12]. In Sub-Saharan Africa, the prevalence is at 4.9% but is expected 
to more than double in the next twenty years - the fastest predicted increase in the world [13]. Action needs to be 
taken to combat these rapidly increasing numbers. 
Currently, the most common way to diagnose diabetes is through a blood test using a glucometer which reads the 
glucose levels in the blood. If a patient's glucose levels are elevated above a certain level, he or she is diagnosed 
with diabetes. However, many developing countries, especially in Africa, suffer from an HIV epidemic which 
makes blood testing a non-ideal diagnostic tool. Additionally, glucometers require the use of expensive disposable 
testing strips and lancets. Each of these factors makes traditional glucometers socially and financially unfeasible. 
A breathalyzer that could detect diabetes would revolutionize the diabetes care industry in these developing 
nations. Science has shown that the acetone concentration of exhaled breath is proportional to the content of acetone 
in the bloodstream which, in high levels, is linked to the presence of ketoacidosis, a side effect of uncontrolled 
diabetes [14]. Therefore, the amount of acetone in the breath is a biomarker for diabetes, meaning that a breath 
detector to diagnose diabetes is very much a possibility [14]. CHWs would be able to utilize this breathalyzer to 
market a preliminary screening test for diabetes. A patient would pay a small fee to breathe into the breathalyzer and 
get a reading on whether or not their breath-acetone levels were within a healthy range. Elevated breath-acetone 
content would indicate that the person could have diabetes and should visit a doctor for diagnosis and medication. 
 
2.2 Tuberculosis 
 
Tuberculosis is a highly contagious airborne disease that continues to be a major problem for much of the world's 
population. The World Health Organization estimates that in 2010 alone, there were over 8.8 million newly-
diagnosed cases of tuberculosis and 1.1 million reported tuberculosis-related deaths worldwide [15]. Nearly 95% of 
these cases occur in countries with low and middle income levels [16]. 
Currently, the most commonly used detection method for tuberculosis is over one hundred years old - the sputum 
smear microscopy method [15]. While the sputum smear test is inexpensive and highly sensitive [17], there are 
many limitations to its current usage, such as a minimum bacteria threshold [16], long processing times [16], and 
insensitivity to certain types of tuberculosis, such as extrapulmonary or paucibacillary [15]. A new tuberculosis 
diagnostic tool that is fast, sensitive, and easy to operate is needed to control tuberculosis in developing countries. 
A research group at the University of Otago has successfully detected four VOCs in the breath [18] that have 
been linked to the presence of tuberculosis in a patient [19]. A portable and inexpensive breath-analyzing device that 
could detect these compounds could be seamlessly incorporated into a CHW's screening arsenal to bring accurate 
and affordable detection to their communities, revolutionizing the diagnosis of tuberculosis in developing countries. 
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2.3 Preeclampsia in Pregnant Women 
 
Another major challenge facing developing countries is maternal morbidity, with over 99% of the world's 
pregnancy-related deaths occurring in developing countries each year [20]. Between 10 and 15% of these deaths are 
related to preeclampsia or eclampsia [20]. Preeclampsia is classified as both hypertension and proteinuria in a 
pregnant woman [21], and when left untreated, is likely to develop into eclampsia, or gestational hypertension-
induced seizures [22].  
While many medications can treat preeclampsia, most women in developing countries will not detect the disease 
early enough to receive proper treatment, often leading to further complications or even death of the mother or fetus. 
This delay in diagnosis is a direct result of the women's lack of access to proper maternal health care facilities, and 
the fact that there currently does not exist an accurate and inexpensive diagnostic tool for developing countries to 
use to detect preeclampsia [23]. 
Breath analysis has great potential for the diagnosis of preeclampsia. Oxidative stress has been shown to be a 
result of preeclampsia, and produces VOCs such as ethane and pentane in exhaled breath [24]. When comparing the 
presence of these compounds in pregnant women with and without preeclampsia, it is shown that those with 
preeclampsia have noticeably higher levels [24]. The development of a breath analysis tool that detects abnormally 
high levels of these compounds could be used to diagnose pregnant women with preeclampsia. In developing 
countries, CHWs would market this preeclampsia detection test to expecting mothers so they could seek further 
medical attention before any complications arise. Providing women with this inexpensive and easily-accessible 
preeclampsia diagnosis would ultimately lessen the burden of maternal morbidity in these areas. 
 
3. Protecting the Youth: Monitoring Drug Abuse 
 
 
Figure 2. Drug-detecting breathalyzers utilized at Youth Centers 
 
Drug use amongst children living on the streets in low and middle income countries is a widespread problem, 
with between 40 and 84% of street children abusing substances regularly [25]. One of the most popular choices of 
drugs for street youth are inhalants [26], since they are easily attainable, inexpensive, and legal substances [27]. 
There are many dangers surrounding the use of inhalants, including addiction,  impairment, and the risk of sudden 
death from heart failure [25]. 
Several countries have established rehabilitative program centers for street children and youth. These centers are 
dedicated to creating a safe living environment for the youth, and providing them the necessary education to live a 
healthy life. Unfortunately, sometimes even the youth in these centers fall victim to the temptations of old street life. 
In order for a youth center to reward the children who are substance-free, it would be ideal for the centers' 
employees to have a way of knowing which children have been using such substances after a day spent in town. 
An inexpensive and portable breathalyzer that detects recent drug use would be an optimal way to quickly and 
accurately determine whether or not a youth had done drugs that day. The main chemical found in glue and most 
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other inhalants is the solvent toluene [28]. With research showing that bodily levels of toluene can be analyzed using 
breath analysis [29], a portable breathalyzer that can detect for toluene and therefore the recent use of popular 
inhalants is a distinct possibility. 
Figure 2 illustrates a business model that could be implemented to provide the youth centers with a drug 
detection service while sustaining a local company or non-profit that markets the detection devices. The center 
would purchase the breathalyzer from that company, who would train the center's employees on using the 
breathalyzer. The center would then establish a reward system in which children were incentivized to stay 
substance-free in order to participate in the center's program. Employees would administer the breathalyzer test 
occasionally to each child, perhaps after he or she has spent time outside the center, in order to determine if he or 
she had recently used any substances. By monitoring the children's drug use, the center is able to create a substance-
free environment, promote healthy living, and monitor which children need extra help or mentoring.  
 
4. Preventing Unnecessary Fatalities: Detection of Dangerous Substances in Brews 
 
 
Figure 3. Detecting contamination in brews 
 
It is not uncommon within developing nations to hear about disabling or fatal cases of poisoning from 
contamination of local brews. One such popular Kenyan brew is Chang’aa, whose literal meaning is, 'kill me quick', 
and rightfully so. The drink has a millet or maize base, but the dangerous ingredients which cause ailments such as 
blindness, or even death, come from the addition of ingredients to add an extra buzz, such as jet fuel or embalming 
fluids [30]. In one area of Uganda, a popular homemade gin named Wagari caused the deaths of at least 80 people 
over three weeks from high levels of added methanol from products like antifreeze [30]. Methanol poisoning is 
deadly and a real problem in many areas.  
The Kenyan government in particular has tried tackling this problem by legalizing Chang’aa, but it still has 
issues regulating it through policy alone. In order for any of these countries to hopefully put an end to consumption 
of these dangerous compounds, it is theorized that regulation would be better implemented at the level of an 
individual brew instead of monitoring operations of all brewers. Air-analyzing technology could be used for 
regulation of the compounds given off by the final brew’s liquid itself as it is being distributed to customers, as 
opposed to a standard breathalyzer situation.  This is due to the fact that with breath testing, it would be too late and 
the toxic chemicals would already be in the body. 
One scenario of regulation is to have the brewers own the device. When a customer would come to buy the brew, 
the brewer would waft aroma from above the drink into the device and it would output a methanol level.  Ethanol 
could also be of interest, but for a device in this scenario methanol is a more critical VOC to identify if one had to be 
chosen. While it may seem counterintuitive for a distributor to want to measure this, a physical value will actually 
benefit business because the brewer will be able to validly assure customers their brews are strong, but still safe to 
drink since it does not reach deadly levels. Government entities interested in combating the toxic brew problem 
could subsidize the air analysis tools to promote their use. This subsidization is also favorable for the brewers, who 
would not have to spend money buying it themselves. 
Another scenario could involve the individual customers owning the device. Multiple people would invest in a 
single device, much like the current system many people use when it comes to sharing cell phones in these regions. 
The customers would use it to gauge the alcohol for safety, but it could also be used for friendly competitions 
amongst friends. The device, no matter who owned it, would be able to indicate who has the strongest drink without 
having to worry about harmful consequences.. In both cases, the customers will have a way of checking how 
dangerous the brew is and protecting themselves from risking their lives for the sake of one drink. 
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5. Protecting Livelihoods: Preventing the Spread of Zoonotic Diseases 
 
 
Figure 4. Animal testing to prevent zoonotic disease 
 
Zoonotic diseases pose a large threat not only to the health of animals, but also the health of their owners and 
others who may consume an animal’s infected meat. The world’s poorest farmers are affected most when it comes 
to the burden from zoonotic diseases, because it is in these households that livestock can bring in up to half their 
income [31]. Thirteen of these diseases alone cause around 2.2 million human deaths and 2.4 billion illnesses a year, 
with most from low and middle income nations [31]. If there was a regulated way to test farm animals for disease 
while under the care of owners and before they are sold to those consuming them, it would dramatically reduce the 
spread of these diseases. 
Governmental agencies concerned with regulating livestock, disease control, or related areas can utilize 
breathalyzer technology to create a new sustainable industry. Preliminary studies have found two major zoonoses 
that can be distinguished from healthy cattle using aforementioned e-nose technology: brucellosis and 
paratuberculosis [32]. Community Health Workers are an example of those who could be employed as inspectors 
and use a breathalyzer that detects these compounds to determine the health of a farmer's livestock. If the animals 
pass inspection, farmers will be given certificates to show their animals are healthy, much like restaurant health 
inspection certificates. These certificates can be for personal assurance of the farmers, or for assurance to people 
buying that livestock and byproducts. The service would still sustain after initial establishment either by government 
legislation or community pressure, since farmers in the area will want to have their animals tested in order to prove 
their animals are just as fit as their competitors’. Either way, introducing this technology into the agricultural sector 
will help to protect both the farmers and the consumers. 
 
6. Detecting Invisible Harm: Protecting From Indoor Air Pollution 
 
Half of the world still uses biomass fuel as a source of energy, with majority of usage in developing or low-
income countries [33]. When such fuels are used for cooking in small homes without adequate ventilation, the by-
products of combustion can lead to respiratory tract infections, lung inflammation, heart and eye disease, 
tuberculosis, cancer, and birth defects [33]. Many of these illnesses can be detected by breath analysis [34, 35, 36]. 
However, what would be most beneficial is a way for people to know they are inhaling dangerous amounts of these 
by-products before becoming ill. 
Carbon monoxide sensors already exist and are currently used in various home applications or devices. Similar 
devices could be used in developing countries to detect amounts of other dangerous compounds in the air, indicating 
an unsafe environment, or to detect compounds in exhaled breath, indicating risk for disease. CHWs, since they 
often travel to people’s homes, could also be leveraged in this situation. CHWs could be incentivized to conduct 
testing to ensure there are not high levels of pollutants in the homes. Another service option could be one paid for by 
the community members themselves. The latter would work like another clinical test, where the breath analysis 
device would detect if they have in fact been exposed to dangerous levels of these toxins. Since CHWs have access 
to educational tools, they will be able to teach community members on how to reduce their exposure to harmful 
compounds. 
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Figure 5. Detecting indoor air pollution 
 
7. Conclusion 
 
Technology alone is not going to solve the challenges that burden low-resource areas. Educating the local 
populations and integrating these technologies into various markets with sound business models will create lasting 
change. Air analysis technologies have been rapidly growing and have several potential applications in resource-
constrained environments, ranging from drug and chemical detection to disease screening. In many cases, they can 
be seamlessly integrated into existing networks, such as the CHW system, to educate and screen populations in rural 
areas and urban slums. While some interventions might be complex, others could be as simple as advising people on 
when to keep windows open or mandating that meat be tested before it is sold in the marketplace. 
It is crucial for innovators everywhere to consider how their technologies are going to be integrated into these 
systems from the initial stages of the design process. Systems thinking and user-centered design can ensure that the 
technology actually solves the problem in the long-term. The portable, inexpensive nature of breath and air-
analyzing devices indicates the incredible potential of these devices, and practical business models and 
implementation strategies can ultimately lead to long-term impact. 
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